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Abstract 
 
Objectives: The present study tests the hypothesis of the association of an asphyxic insult, as defined by a low 
perinatal Apgar score to cognitive performance on adulthood, which has not been the objective in previous 
studies. The study questions are whether the low Apgar score without other symptoms predisposes one to a 
lower educational attainment, lower speech production capabilities and other cognitive impairments in 
adulthood. Based on previous studies conducted on younger individuals, the hypotheses were that individuals 
with a low Apgar score 1) have lower educational attainment and 2) perform worse on tasks that stress speech 
production than controls. Additionally, it was analyzed whether the individuals with a low Apgar score have 
lower 3) general intelligence, 4) verbal intelligence, 5) perceptual organization, 6) attentional skills and 
executive functions and 7) memory functions than controls. 
 
Methods: The participants were selected from a birth cohort of 22359 deliveries during 1971–1974 that had 
been followed-up until the latest measurements in 2014–2016, when the participants were aged 40–45 years 
of age. Asphyxia group consisted of participants with an Apgar score below 7 at least two times at 1, 5, and 
15 minutes after delivery without other perinatal risk conditions (N = 80). Control group consisted of 
participants without any perinatal risk conditions (N = 83). It was analyzed whether the asphyxia group had 
an increased risk for attaining maximally a secondary level education. Measures of cognition were conducted 
with standardized neuropsychological tests. Childhood maladaptive living environment was included in the 
analyses as a covariate. Logistic regression was used in the analyses of educational attainment. In the 
neuropsychological tests, t-tests were conducted for the unadjusted analyses and analyses of covariance for 
the adjusted analyses with the covariate.  
 
Results and conclusions: The individuals who had suffered asphyxia had higher likelihood to remain in the 
secondary level education. They performed worse on reading speed, semantic verbal fluency, semantic abstract 
reasoning and on a task of processing and psychomotor speed. After adjustment for the childhood living 
environment, their general intelligence was also lower than controls. It was confirmed that the consequences 
of perinatal asphyxia extend to adulthood. Based on the results, it was assumed that the temporal cortex and 
basal ganglia are especially sensitive to asphyxic insults. It is suggested that the individuals, who have suffered 
from perinatal asphyxia, will be followed-up at the onset of their studies and provided with environmental 
support to avoid academic underachievement. 
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Tavoitteet: Tässä tutkimuksessa arvioidaan Apgar-pisteillä määritetyn asfyksian vaikutuksia kognitiiviseen 
suoriutumiseen aikuisiällä, mitä ei ole tarkasteltu aikaisemmissa tutkimuksissa. Tutkimuskysymyksinä ovat, 
altistavatko matalat Apgar-pisteet ilman muita oireita matalammalle koulutustasolle, heikommalle 
puheentuotolle ja muille kognitiivisille heikentymille aikuisiällä. Hypoteesit perustuivat aiempiin 
tutkimustuloksiin nuoremmilla koehenkilöillä. Hypoteeseina olivat, että verrattuna kontrolleihin ne 
koehenkilöt, joilla on matalat Apgar-pisteet, on 1) matalampi koulutustaso sekä 2) heikompi suoriutumistaso 
tehtävissä, joissa korostuu puheentuotto. Arvioitavana oli myös, onko koehenkilöillä ja kontrolleilla eroja 1) 
yleisälykkyydessä, 2) kielellisessä älykkyydessä, 3) havainnon organisaatiossa, 4) tarkkaavaisuudessa ja 
toiminnanohjauksessa sekä 5) muistitoiminnoissa. 
 
Menetelmät: Tutkimuksen osallistujat valittiin vuosina 1971–1974 kerätystä syntymäkohortista (N = 22359), 
jota on seurattu viimeisimpiin tutkimuksiin vuosille 2014–2016 asti. Tässä tutkimuksessa kohortin henkilöt 
olivat 40–45 –vuotiaita. Koehenkilöryhmä muodostettiin henkilöistä, joiden Apgar-pisteet olivat alle 7 
vähintään kahdesti 1, 5 ja 15 minuutin jälkeen syntymästä ja joilla ei ollut muita perinataalisia riskejä (N = 
80). Kontrolliryhmä koostui henkilöistä ilman mitään perinataalista riskiä (N = 83). Analyyseissä tarkasteltiin 
vaikuttavatko Apgar-pisteet korkeintaan toisen asteen koulutuksen saavuttamiseen. Kognitiivisen tason 
arviointi suoritettiin standardoiduilla neuropsykologisilla testeillä. Lapsuuden epäsuotuista elinympäristöä 
käytettiin kovariaattina. Riskiä saavuttaa korkeintaan toisen asteen koulutus tarkasteltiin logistisella 
regressioanalyysillä. Neuropsykologisissa testeissä ryhmien välisiä eroja tarkasteltiin t-testillä sekä 
kovarianssianalyysillä, joissa kovariaatti oli mukana.  
 
Tulokset ja johtopäätökset: Asfyksiasta kärsineillä oli suurempi todennäköisyys olla saavuttamatta 
kolmannen tason koulutusta. Puheen tuoton tehtävissä heillä oli hitaampi lukunopeus ja heikentymää 
semanttisessa sanafluenssissa. Heikompaa suoriutuminen oli myös semanttisessa abstraktissa päättelyssä 
sekä prosessointi- ja psykomotorisen nopeuden tehtävässä. Kun lapsuuden epäsuotuisa elinympäristö 
kontrolloitiin, yleisälykkyys oli matalampi kuin kontrolleilla. Hypoteesi perinataalisen asfyksian 
vaikutuksista aikuisuuteen sai vahvistusta. Suoriutumiserojen perusteella oletettiin, että hapenpuute aiheuttaa 
herkimmin muutoksia ohimolohkoissa ja basaaliganglioissa. Asfyksiasta kärsineille suositetaan seurantaa 
koulunkäynnin alkaessa sekä ympäristön tukitoimia, joilla vahvistettaisiin heidän akateemisia valmiuksiaan. 
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1. Introduction 
 
 
The present research was completed as a part of longitudinal study of PLASTICITY (Perinatal 
Adverse events and Special Trends in Cognitive Trajectory), which aims to test the hypothesis 
that perinatal adverse events exert a deleterious effect on the brain, which is still measurable at 
middle age (Hokkanen, Launes, & Michelsson, 2013). The consequences of premature birth 
have been the objective of many previous studies, but there are other perinatal risks as well. In 
view of later development and challenging environments in modern daily life, it is important 
to consider even slight decreases of functioning caused by adverse perinatal conditions. The 
present study tests the hypothesis of the association of an asphyxic insult, as defined by a low 
perinatal Apgar score with cognitive performance on adulthood. 
 
The data were gathered from a 1971–1974 birth cohort that has been followed-up 
prospectively to adulthood (Michelsson, Ylinen, Saarnivaara, & Donner, 1978). The birth 
cohort consists of various risk groups. The participants have undergone several examinations 
at the ages of 5, 9, 16 and 30 years. During the latest assessment in 2014–2016, the 
participants were aged 40–45 years of age. A control group has been followed-up similarly.  
 
Longitudinal studies of the effects of adverse perinatal conditions on later life are scarce. This 
research widens the perspective of previous research by expanding the focus into middle-age 
adulthood, which has not been studied in other longitudinal follow-up studies. The birth cohort 
undertook an extensive test battery that consisted of various neuropsychological 
measurements. The battery was administered by master-level psychology students who were 
trained at the department of Psychology at the University of Helsinki to use the psychological 
tests in the protocol. 
1.1 Continuum of reproductive casualty: the role of asphyxic insult? 
 
The hypothesis that adverse perinatal events have a deleterious effect on later life conditions 
originates from the notion of ”continuum of reproductive casualty” (Lilienfeld, Pasamanick, & 
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Rogers, 1955). Its core assumption is that while intrauterine complications may lead to 
stillbirth or neonatal death, less serious, sub-lethal consequences, for example, later 
neurological and psychiatric symptoms, as well as behavioral disorders will likely affect the 
infants surviving the serious complications. The severity of brain damage associates with 
perinatal complications and later functioning.  
 
More recent experimental directions have emphasized the environmental effects during 
pregnancy on brain plasticity and cognition. Prenatal stress (including physical stress, 
infection, nutrition, hormonal, drug intake and psychological stress) affects the order and 
amount of expression of genes and can have lasting effects on the brain, resulting in cognitive 
dysfunction and mental disorders (Bock, Wainstock, Braun, & Segal, 2015). Increasing 
evidence from animal studies suggests that prenatal stress causes physiological and structural 
changes to brain development in a region-specific manner, especially in limbic (Hosseini-
Sharifabad & Hadinedoushan, 2007) and prefrontal areas (Murmu et al., 2006).  
 
The Developmental Origins of Health and Disease (DOHaD) approach is one background in 
determination of consequences of early life environment on adulthood health. The approach 
was inspired by the hypothesis that undernutrition during gestation leads to hormonal changes 
and subsequently to permanent changes in the body structure, function and metabolism, which 
predisposes one to an increased risk for coronary heart disease in later life (Barker et al., 
1993). This led to the establishment of the international society for developmental origins of 
health and disease (DOHaD), which aims to investigate the consequences of developmental 
plasticity caused by various fetal events (“fetal programming”) on later health outcomes 
(Wadhwa, Buss, Entringer, & Swanson, 2009). 
 
Asphyxic injury is a major pathway of damage to the central nervous system. Perinatal 
asphyxia is a condition of impaired gas exchange of the fetus occurring during the perinatal 
period, namely during the last trimester of pregnancy until shortly after childbirth. The 
impaired gas exchange, if persisting, leads to progressive hypoxemia (low oxygen level in 
blood) and hypercapnia (accumulation of carbon dioxide in blood; Bax & Nelson, 1993) that 
can be measured with blood-gas and acid-base analyses, respectively (Low, 1997). Significant 
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asphyxia causes metabolic acidosis, thus the full definition of fetal asphyxia is a condition of 
impaired blood gas exchange leading to progressive hypoxemia and hypercapnia with a 
significant metabolic acidosis (Low, 1997). An umbilical artery base deficit between 12 and 
16 mmol/L has been suggested as the threshold for significant metabolic acidosis. It confirms 
that an exposure to asphyxia has occurred, affecting 2% of newborns (Low, 1997). To enhance 
clinical usability, the term “perinatal asphyxia” includes impaired maternal-fetus blood-gas 
exchange before delivery (intrauterine asphyxia) and cardiorespiratory complications after 
delivery (intrapartum asphyxia) in international disease classifications, for example, The 
International Classification of Diseases, Tenth Edition (ICD-10) (World Health Organization, 
1992). The diagnosis of perinatal asphyxia is difficult, and multiple markers are used to 
enhance accurate diagnosis. Except cord artery pH measurement, abnormalities in 
cardiotocography (CTG), alterations in fetal electrocardiogram, occurrence of neonatal 
neurological symptoms and low Apgar score have been used as determinants of an occurred 
asphyxic insult (Timonen, & Erkkola, 2004). 
1.2 Usage of the Apgar score in the measurement of intrapartum asphyxia 
 
 
The Apgar score is routinely given to the infant after delivery, and its purpose is to assess the 
newborn’s condition. Originally introduced by Virginia Apgar, the Apgar score was intended 
to estimate the effect of anesthesia given to the mother on the newborn’s viability immediately 
after delivery. The Apgar score consists of five subdomains, each of which is scored on a 0–2 
scale, forming a 0–10 point total scale. The subdomains are heart rate, respiratory effort, 
muscle tone, reflex irritability and color, and the intent of the total score was to predict the 
survival of the newborn (Apgar, 1953). Consecutively, the score gained support in the 
determination, whether the newborn needed resuscitation after delivery (Apgar, Holaday, 
James, Weisbrot, & Berrien, 1958).  To limit subjective bias in the evaluation of the 
subdomains (i.e. color), usage of score categories of 0–3, 4–6 and 7–10, indicating categories 
of low, intermediate and normal, respectively, has been suggested (Apgar, 1966). Table 1 
presents the criteria of the Apgar score. 
 
It has been shown that the Apgar score is a strong indicator for neonatal mortality in terms of 
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specificity, as 93.4–99.2% of neonates who die have an Apgar score of 3 or below (Schmidt, 
Kirpalani, Rosenbaum, & Cadman, 1988). Greater risks for infant mortality until one year 
after delivery have been observed in infants with an Apgar score below seven, and the highest 
risks appear in infants who had an Apgar score below four at five minutes after delivery 
(Casey, McIntire, & Leveno, 2001; Moster, Lie, Irgens, Bjerkedal, & Markestad, 2001; Li et 
al., 2013; Iliodromiti, MacKay, Smith, Pell, & Nelson, 2014). The relation of the newborn’s 
Apgar score and neonatal morbidity has also been established, as infants pose greater risk for 
cerebral palsy after an Apgar score below three (Moster et al., 2001) or four (Jensen, 
Mathiasen, Mølholm, & Greisen, 2011) at five minutes after delivery. 
 
Table 1. Assessment criteria of the Apgar score.
Given score                Score 0                                      Score 1                Score 2
Heart rate                Absent                    <100 beats per minute    >100 beats per minute
Respiratory effort                Absent                          Weak, irregular,         Strong, robust
              gasping                   c ry
Muscle tone                 None                         Some flexion  Flexed arms and legs that 
      that resist extension
Reflex irritability          No response to                  Grimace on suction        Cry on stimulation
            stimulation                  or aggressive stimulation
Color                  Blue                          Blue at extremities,     Body and extremities
            body pink                  pink
 
 
Although the Apgar score was never intended to be used as a measure of intrapartum 
asphyxia, significant correlations have been found between the Apgar score and more 
conventional measures of asphyxia, for example the cord artery pH tests for acidosis, which 
indicate hypoxemia and hypercapnia. Very low Apgar score (3 of below) at 1 and 5 minutes 
after delivery are more common in infants with a cord artery pH below seven, indicating 
severe hypoxemia (Goldaber, Gilstrap, Leveno, Dax, & McIntire, 1991). Victory, Penava, de 
Silva, Natale, and Richardson, (2004) reported higher incidence rates of an Apgar score below 
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seven at five minutes after delivery when the infant had lower artery and vein pH and base 
excess rates. In another study, the infants with an Apgar score below seven at five minutes 
after delivery showed a higher frequency of cord artery pH of 7.15 or below, indicating 
acidosis: the prevalence rates for an Apgar score of 4–6 and three or below were 54% and 
69%, respectively, as only 7% of the controls with an Apgar score over 6 had acidosis (Hogan, 
Ingemarsson, Thorngren-Jerneck, & Herbst, 2007). In the previous study, the surviving infants 
with an Apgar score of 0–3 were also more likely to be diagnosed with hypoxic ischemic 
encephalopathy (HIE), which in the study affected 59% of the cases. In the infants with an 
Apgar score of 4–6, the prevalence of HIE decreased to 19%. Critique of the usage of the 
Apgar score as a determinant of asphyxic insult will be presented in the discussion. 
1.3 Outcomes of the low Apgar score on educational attainment 
 
The following studies have researched the associations of birth asphyxia, including low Apgar 
score, with measures of educational attainment and intellectual performance on later life. 
Table 2 presents the details of the presented studies, including possible used covariates. 
 
One of the earliest cognitively challenging environments in one’s life are encountered in the 
primary school. Problems in educational conditions were reported by Stanton-Chapman, 
Chapman, and Scott, (2001), who found that children from a population of Florida with an 
Apgar score below 7 at five minutes after delivery were more likely to have remedial teaching 
at 6–8 years of age (The relative risks of an Apgar score of 0–3 and 4–6 as compared with 7–
10 were 2.2 and 2.1, respectively). The results are supported by Stuart, Olausson, and Källen, 
(2011), who found that individuals with an Apgar score below 7 at five minutes after delivery 
had an increased risk for needing special education by 16 years of age, the odd ratios for 
Apgar scores of 0–3 and 4–6 were 2.13 and 1.83, respectively, as compared with individuals 
with an Apgar score of 7–10. In another study, Odd, Whitelaw, Gunnell, and Lewis, (2010) 
did not find a significantly increased risk for the need of special education in eight-year-old 
individuals who were asymptomatic and resuscitated with a median 1-minute Apgar score of 5 
(4–6 in interquartile range) as compared with controls who were asymptomatic and did not 
require resuscitation with a median 1-minute Apgar score of 9 (9–9 in interquartile range).  
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The findings of Razaz and colleagues (2015) partially contradict with these studies. They 
found that in 5–7-year-old children, prevalence rates of teacher-rated developmental 
vulnerability of language development and communication skills assessed with the Early 
Developmental Inventory (EDI) did not significantly differ if the child had a 5-minute Apgar 
score of 0–6 or 9–10, even without adjustment for multiple comparisons. However, an 
untoward effect was seen in individuals with an Apgar score below 4 in the EDI. They 
suggested a high specificity of the Apgar score on developmental outcomes: the Apgar score 
at five minutes classified the individuals with non-vulnerability (higher than 10th percentile 
scoring on all domains) to low-risk developmental outcome categories (<30% probability of 
any adverse developmental outcome) with a specificity rate of 94%.  
 
Tweed, Mackay, Nelson, Cooper, and Pell, (2015) investigated the association between a low 
5-minute Apgar score and the need of educational support and low educational attainment 
within Scottish population in primary and secondary schools (Mean age 12.6, SD 3.6). 
Individuals who had had an Apgar score below 7 at 5 minutes after delivery had an increased 
risk for Additional Support Need (ASN, extra educational support as compared with peers) 
based on the school’s evaluation of the pupils’ cognitive impairment (intellectual disability, 
other learning disability or dyslexia), visual and/or hearing impairment, physical and/or motor 
disability and language or speech disorder. Main findings were that an Apgar score of 0–3 and 
4–6 increased the risk for an overall ASN status by 52% and 34% as compared with controls 
with an Apgar score of 7–10, respectively. The results indicated a statistically significant 
inverse association between the Apgar score (0–3 and 4–6) and ASN categories, with the 
exception of language/speech, where the individuals with an Apgar score of 0–3 did not have 
an increased risk for ASN as compared with the controls. A higher frequency of lower 
educational attainment was observed in the individuals who had had an Apgar score of 0–3 or 
4–6 as compared with the controls. However, no differences were observed after adjustment 
for confounders.  
 
A study conducted in the Swedish population reporting on more direct measures of academic 
achievement reported decreased school grades in secondary education at 15–16 years of age in 
individuals with an Apgar score below 7 at 5 minutes after delivery (0.109 reduction in z-
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score, 95% CI 0.053–0.166) as compared with controls with an Apgar score over 6 at five 
minutes after delivery (Odd, Rasmussen, Gunnell, Lewis, & Whitelaw, 2008). The findings 
were supported in a Swedish register study (Stuart et al., 2011) of 16-year-old individuals. It 
was discovered that individuals with an Apgar score below 7 at five minutes after delivery had 
an increased risk for having a low score or no graduation grade in Swedish, mathematics, 
natural and social sciences. Also, they were less likely to acquire the highest grades in these 
topics, as well as in physical education and handicraft. The reference category was the most 
common level: passing grade or grade 3, which is in the middle range. 
1.4 Outcomes of the low Apgar score on speech and language abilities 
 
The earliest study of language development in asphyxiated infants did not find significant 
differences in language capabilities. O’Callaghan, Williams, Andersen, Bor, and Najman, 
(1995) conducted a study to 5-year-old children with an instrument of lexical knowledge 
(Peabody Picture Vocabulary Test, PPVT). The individuals with a 5-minute Apgar score 
below 5 had a greater risk for a depressed score: 1.9 OR for a mild impairment (score in the 
range of 50–74) and 1.8 OR for a borderline impairment (score in the range of 75–84) as 
compared with individuals with an Apgar score over 5 at five minutes after delivery. 
Nevertheless, this association turned non-significant when possible confounders were taken 
into account: number of previous miscarriages and antenatal admissions, pre-eclampsia, 
bleeding during pregnancy, weeks of gestation at delivery, small for gestational age status, 
sex, presentation at delivery, method of delivery and number of days spent in intensive care. 
All of these, however, indicate perinatal adversity, and may diminish the independent effect of 
the Apgar score.   
 
Krebs, Langhoff-Roos, and Thorngren-Jerneck, (2001) found that individuals with an Apgar 
score below 7 at 5 minutes after breech delivery (excluding cerebral palsy) had more parental-
reported speech and language problems than controls with an Apgar score over 6 at 4–15 years 
of age. Also in a follow-up study of 26 children with severe birth asphyxia, D’Souza, 
McCartney, Nolan, and Taylor, (1981) found an association between the Apgar score and 
increased childhood linguistic difficulties, although without a control group. 
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Table 2. Study type, study aim, description of subjects, age of subjects and used covariates in relation to the Apgar score as an independent measure in the presented studies.
Study details Study type Study aim Description of subjects
Subjects' age at the 
follow-up
Used covariates
Carlo et al. (2012) Prospective study To determine whether resuscitation In a sample of Indian, Pakistanian and Zambian children, 12 months None
of infants who failed to develop effective those with birth asphyxia, who were unresponsive to
breathing at birth increases survivors stimulation and received bag and mask resuscitation were
with neurodevelopmental impairment. compared to children, who were not resuscitated. Subjects
with < 1500g birth weight, abnormal neurological findings
and whose mothers were aged < 15 years or unwilling to
participate	were	excluded,	resulting	in	N	=	201
Ehrenstein et al. (2009) Retrospective study To examine the association of five-minute Danish conscripts, who were born singleton (N = 17 211) 19 years (median) Maternal age, marital status, parity, breech 
Apgar score with prevalence of 19–20 (quartiles) presentation, gestational age, small for
neurologic disability and with cognitive gestational age
function in early adulthood.
Diepeveen et al. (2013) Retrospective case- To assess the relation of perinatal risk Matched pairs of Dutch subjects, consisting of subjects 9 years (mean) None
control study factors with later development of specific with SLI and a comparison group (N = 179) SD 2
language impairment (SLI).
D'Souza et al. (1981) Prospective study To examine hearing, speech, and Subjects born in Manchester, who received intensive 2-5 years None
language in survivors of severe perinatal resuscitation for at least 10 minutes before spontaneous 
asphyxia regular respiration (N = 26)
Krebs et al. (2001) Prospective case-control To investigate the relation between low Danish subjects, born singleton and in breech 4-15 -years None
cohort study Apgar score in breech infants and presentation, non-malformed, either >37 weeks of
handicap in childhood. gestation, if unknown, >2500 g birth weight (N = 269)
O'Callaghan et al. (1995) Prospective cohort study To examine biological risk factors during Australian children, who weren't adopted (N = 4019) 5 years Number of previous miscarriages, number of
intra-uterine life, delivery and the antenatal admissions, pre-eclampsia, bleeding
neonatal period, and measures of social during pregnancy, gestational age, small for 
adversity during pregnancy, as predictors gestational  age status, sex, presentation at 
of a depressed score on the Peabody delivery, method of delivery, neonatal time to 
Picture Vocabulary Test (PPVT) establish	respiration,	number	of	days	spent	in	
intesive	care
Odd et al. (2009) Prospective cohort study To determine whether infants receiving Subjects born in UK as singleton, with a gestational age of 8.6 years (mean) Sex, parity, gestational age, birthweight, length
resuscitation after birth, but with no >37 weeks, who weren't admitted to neonatal unit without SD 0.33 and head circumference, method of birth, 
symptoms of encephalopathy, have resuscitation or symptoms of encephalopathy. maternal hypertension, neonatal sepsis, maternal 
reduced intelligence quotient (IQ) scores Encephalopathic subjects were treated separately age, socioeconomic group, education, car 
in childhood. (total N = 5953) ownership, housing tenure, crowding index 
(number	of	household	members	per	room),
ethinicity
Odd et al. (2008) Retrospective cohort To investigate the association of brief Non-emigrated Swedish conscripts born >37 weeks of 18 years at Maternal parity, birth weight, length and head
study (0–5 minutes) and prolonged (>5 minutes) gestation, no cardiovascular, respiratory, neurological or cognitive circumference, pre-eclampsia, mode of delivery,
low Apgar scores (<7) in non- multiple system congenital abnormalities, no neonatal measures, 15–16  maternal and neonatal infection, season and 
encephalopathic individuals with seizures, encephalopathy or brain injury. Encephalopathic years at educati- year of birth, parental age at birth, parental 
educational achievement and intelligence  subjects were treated separately (total N = 176 524) onal measures occupation, parental education
quotients (IQs).
Odd et al. (2010) Prospective cohort study To determine whether infants receiving Subjects born in UK at >37 weeks of gestation, who were 8–11 years Gender, maternal parity, maternal hypertension, 
resuscitation after birth have reduced not admitted to neonatal unit without resuscitation or gestational age, birth weight, length and head 
scores in measures of attention, memory symptoms of encephalopathy. Encephalopathic subjects circumference, mode of birth, maternal age,
and language skills or the need for were treated separately (total N = 8732) socioeconomic group, educational 
educational support at school even in the achievements, car ownership, housing tenure, 
absence of clinical encephalopathy. crowding (number of household members per 
room),	ethnicity  
  
9 
Razaz et al. (2015) Retrospective cohort To assess the relationship between the Canadian children born >37 weeks of gestation 5 years Child's sex, age during assessment,
study 5-minute Apgar score and developmental (N = 33 883) socioeconomic status, gestational weeks, birth 
vulnerability at 5 years of age weight for gestational age, breastfeeding
initiation
Seidman et al. (1991) Retrospective cohort To assess the association between low Israeli draftees born singleton (N = 1942) 17 years Birth weight (500g categories from less than 
study Apgar scores (7 or less) at 1 and 5 2500 to 4500 g or more), serum neonatal bilirubin
minutes and cognitive performance in concentration, gestational age, ethnic origin 
late adolescence (defined according to paternal country of birth), 
social class (determined by area of residence, 
classified	according	to	municipal	tax	level),	
paternal	educational	attainment	(years	of	
schooling),	and	birth	order
Shah et al. (2015) Retrospective study To evaluate the outcomes of infants who West Australian children with a gestational age of ≥35 1-2 years None
had an Apgar score of zero at 10 min and weeks and an Apgar score of zero at 10 minutes (N = 13)
had survived to reach the neonatal 
intensive care unit.
Stanton-Chapman et al. Retrospective cohort To investigate birth risk factors for Floridian students without other expectionalities than 6-8 years None
(2001) study school-identified learning disabilities (LD)  learning disability (e.g. mental retardation or emotional 
disorders) (N = 244 619)
Stanton-Chapman et al. Retrospective cohort To investigate birth risk factors for Floridian students without a mental retardation or learning 6-7 years Birth order, birth weight, gestational age, newborn
(2002) study specific language impairment (SLI). disabilities (N = 207 692) abnormal conditions, congenital abnormalities,
labor/delivery complications, maternal age, 
marital status, starting point of prenatal care,
tobacco	and	alcohol	use,	medical	history
Stevens et al. (1999) Prospective study To examine the relationships between Children without a postrecovery drop in pH, supplemental 4.0–6.9 years Gestational maturity, initial arterial pH, initial
gestational maturity, perinatal hypoxic oxygen for more than 1 week, chromosomal or genetic arterial base excess, SES, timing of blood 
risk, and intellectual outcome in early deficits, placental abruption or placenta previa, intrauterine sampling, highest percentage of supplemental 
school-age children growth retardation, retinopathy of prematurity, intrcranial oxygen required during hospitalization, total 
hemorrhage or bronchopulmonary dysplasia (N = 48) number of complications, membership in a 
twinship
Stuart et al. (2001) Retrospective cohort To estimate the association between an Non-emigrated Swedish adolescents born >36 6/7 weeks 16 years Year of birth, maternal age, parity, smoking and
study Apgar score of less than 7 at 5 minutes of gestation, without congenital abnormalities or small for maternal education level
after birth and long-term cognitive gestational age status (N = 877 618)
function.
Tweed et al. (2015) Retrospective cohort To investigate whether Apgar score at 5 Scottish school children who were born singleton, with a 12.6 years (mean) Sex, maternal age, maternal height, parity, marital 
study minutes after birth is associated with birth weight of 400–6500 g, estimated gestational age of SD 3.8 status, smoking during pregnancy, deprivation, 
additional support needs (ASN) and 47–43 weeks with a known Apgar score to women of any presentation, mode of delivery, gestation at 
educational attainment. parity over 10 years of age and 100-200cm in height delivery, birthweight centile, with multiple
(N	=	331	394) imputations	for	missing	values	in	maternal
	height	and	smoking	in	pregnancy
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The individuals had an Apgar score of 0–1 at 1 minute after delivery and were followed-up 
until they had reached 2–5 years of age.  The applied tests for language and speech were the 
Reynell Developmental Language Scales (RDLS) and the Edinburgh Articulation Test (EAT). 
Five children had language–related problems based on the authors’ inclusion criterion (RDLS: 
scores placing below the normal range, 1.3 standard deviations from normal) and three 
children speech-related difficulties based on the EAT-measure. The language problems of the 
five children focused on verbal comprehension and expressed language skills indicating 
delayed language development, and three children had articulatory difficulties indicating a 
speech deficit. This was a very small, uncontrolled study and thus the generalizability may be 
poor.  
 
The Apgar score’s association with specific language impairment (SLI) has been under 
inspection in various studies, which show similar results. Stanton-Chapman, Chapman, 
Bainbridge, and Scott, (2002) discovered that individuals with a 5-minute Apgar score of 0–3 
and 4–6 had an increased risk for school-identified SLI at 6–7 years of age as compared with 
individuals with an Apgar score over 6 (The odd ratios were 2.0 and 1.3, respectively). Also, 
Diepeveen, De Kroon, Dusseldorp, and Snik, (2013) compared individuals with SLI (-1.5 SD 
in at least two tests of auditory processing, speech production, grammar and/or lexical-
semantic processing) with controls (both groups were of 4–13 years of age (mean 9, SD 2). 
The Apgar score at 5 minutes was significantly lower in the individuals with SLI. One 
significant limitation was that the Apgar score was missing and substituted with imputed 
values for 36% of the SLI individuals. Also, females constituted only 25% of the children with 
SLI. 
 
Odd and colleagues (2010) did not find significant differences at 9 years of age in reading 
accuracy, comprehension or speed between the asymptomatic non-resuscitated controls with 
the median 1-minute Apgar score of 9 (9–9 in interquartile range) and the asymptomatic 
resuscitated  individuals with the median 1-minute Apgar score of 5 (4–6 in interquartile 
range). The prospective study by Odd and colleagues (2008) investigated verbal intelligence 
with synonym task score in the Swedish Enlistment Battery (SEB) in 18-year-old military 
draftees in Swedish population. No differences were detected between the controls with the 5-
minute Apgar score over 6 and the individuals with the 5-minute Apgar score below 7. Only a 
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trend for an elevated risk to have a synonym task score in the lowest 9% could be detected in 
the individuals who needed longer time to achieve an Apgar score over 7. This study is to date 
the longest follow-up linking the Apgar score to later language skills. 
1.5 Outcomes of the low Apgar score on other neuropsychological functioning 
 
In addition to the language abilities, many of the previously presented studies report on the 
association of the Apgar score with other cognitive functions, for example standardized 
measure of intelligence with appropriate age-related norms.  
 
The earliest measures of development have not found links between the Apgar score and 
reduced performance. Resuscitated individuals with a median 1-minute Apgar score of 5 (4–5 
in interquartile range) did not score lower than non-resuscitated controls with a median 1-
minute Apgar score of 9 (9–10 in interquartile range) in measures of the Bayley Scales of 
Infant Development (BSID-II) at 12 months of age (Carlo et al., 2012). The measures 
concerned psychomotor abilities and mental development, in terms of acquisition of 
sensory/perceptual skills, object constancy, memory learning and problem solving, 
vocalization and beginning of verbal communication, basis of abstract thinking, habituation, 
mental mapping, complex language, and mathematical concept formation. In another study, 
even in individuals with a severely depressed Apgar score of 0 at 10 minutes after delivery, (N 
= 5), four had a normal score on the Bayley Scales of Infant and Toddler Development 
(Bayley-III) at 2 years of age or on the Griffiths Mental Development Scales at 1 year of age 
(Shah, Anvekar, McMichael, & Rao, 2015).  
 
The earliest measures of intelligence show similar results. The Apgar score at five minutes 
after delivery was not associated with verbal, performance or total scale intelligence scores in 
the Wechsler Preschool and Primary Scale of Intelligence (WPPSI-R) at 4.1–6.9 years of age, 
although lower arterial pH was found to be a significant predictor (Stevens, Raz, & Sander, 
1999). The results are in line with the other study by Odd et al. (2010) comparing the 
asymptomatic resuscitated individuals with the median 1-minute Apgar score of 5 (4–6 in 
interquartile range) with the asymptomatic non-resuscitated controls with the median 1-minute 
Apgar score of 9 (9–9 in interquartile range) at 8–11 years of age. The individuals were not 
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distinguishable from controls in tests of memory (non-word repetition and span score) or in 
tests of attention. The results suggest that the resuscitation helped to avoid cognitive 
impairment, but longer asphyxia (measured with low arterial pH) was associated with 
depression in cognitive scores. 
 
Odd, Lewis, Whitelaw, and Gunnell, (2009) conducted an intelligence measure to 8-year-old 
individuals, and no differences could be found between asymptomatic resuscitated individuals 
with a median 1-minute Apgar score of 5 (4–6 in interquartile range) as compared with 
asymptomatic non-resuscitated controls with a median 1-minute Apgar score of 9 (9–9 in 
interquartile range) in the Wechsler Intelligence Scale for Children (WISC-III) subscales of 
performance IQ, verbal IQ or full-scale IQ. However, a low score in the full-scale IQ (below 
or equal to 80) was more likely to occur in the resuscitated individuals as compared with the 
non-resuscitated controls (1.65 OR, 1.13–2.43 95% CI). 
 
Regarding later adolescence, in 17-year-old Israeli draftees no significant associations of the 
1- and 5-minute Apgar score were observed with an intelligence test score (Seidman et al., 
1991). The test was composed of a translated version of the verbal OTIS test and a version of 
a nonverbal matrices test.  
 
Group differences were detected in the study of 18-year-old conscripts in the Swedish 
Enlistment Battery, SEB, which consisted of logical, spatial, verbal and technical subtests 
(Odd et al., 2008). Decreases of logical, technical and total test scores were associated with the 
prolonged time to acquire an Apgar score in the normal range, lower test scores were noted in 
individuals who needed 1–5 or over 5 minutes to achieve an Apgar score of seven or more as 
compared with controls with an Apgar score over 6. Additionally, increased odd ratios to have 
the lowest scores (approximately lowest 9%) in the logical, technical and total test scores were 
more likely in the individuals with the prolonged low Apgar score as compared with the 
controls.  
 
Ehrenstein et al. (2009) examined 19-year-old Danish draftees with an intelligence test 
(Boerge Prien Test) that consisted of letter matrices, verbal analogies, number sequences, 
geometric figures and a composite score. The differences in performance were not statistically 
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significant between individuals who had an Apgar score below 7 at five minutes after delivery 
as compared with controls with an Apgar score of 10 at five minutes after delivery. However, 
the individuals with an Apgar score below 7 were more likely than the controls to receive a 
composite intelligence score in the bottom quartile (prevalence ratio of 1.33, 95% CI 0.94–
1.88), a finding very similar to the one reported by Odd et al. (2008). 
1.6 Conclusions from the previous studies 
 
 
The majority of the previous studies suggests that a low Apgar score predisposes to an 
increased risk for special education placement in school (Stanton-Chapman et al., 2001; Stuart 
et al., 2011) and to teacher and school-evaluated developmental difficulties (Razaz et al., 
2015; Tweed et al., 2015). Also, the finding of decreased school grades in 15-16-year-olds 
with a depressed Apgar score (Odd et al., 2008; Stuart et al., 2011) supports the notion of 
weakened academic performance due to a suffered asphyxic insult. However, the results may 
be confounded by differing subject inclusion criteria. 
 
The performance of individuals with a depressed Apgar score on language skills is not 
conclusive. No group differences were observed between individuals with a normal or low 
Apgar score on reading accuracy, speed or comprehension (Odd et al., 2010), on lexical 
knowledge (O’Callaghan et al., 1995) or on verbal intelligence (Odd et al., 2008; Odd et al., 
2009). However, higher occurrences of Selective Language Impairment (SLI) (Stanton-
Chapman et al., 2002; Diepeveen et al., 2013), and speech and language/expressive language 
problems (Krebs et al., 2001; D’Souza et al., 1981) were observed in individuals with a 
depressed Apgar score. Thus the brief asphyxic event may emerge as difficulties in expressive 
and receptive speech development. Epidemiologically a higher prevalence for lower verbal 
intelligence in early adulthood after an asphyxic insult is suggested (Odd et al., 2008). 
 
Individuals with a decreased Apgar score did not indicate decline in the earliest measures of 
development (Carlo et al., 2012; Shah et al., 2015). In the earliest measures of intelligence, no 
predictive ability of the Apgar score to intelligence (Stevens et al., 1999) or differences 
between individuals with a low Apgar score and individuals with an Apgar score over 7 were 
observed, but lower intelligence was more likely in the individuals with an Apgar score below 
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7 (Odd et al., 2009). Between the individuals with an Apgar score below 7 and controls with 
an Apgar score over 7 no differences in memory or attention were found (Odd et al., 2010). 
On the other hand, significant differences in full IQ score of SEB were seen between 
individuals, who had an Apgar score below 7 and those, who had an Apgar score over 7 (Odd 
et al., 2008). However, contradictory findings have been reported: between the individuals 
with an Apgar score below 7 and those with an Apgar score of 10, no difference in intelligence 
was observed (Ehrenstein et al., 2009). Also, no differences in intelligence between groups 
with a low and normal Apgar score were found (Seidman et al., 1991). However, higher 
likelihood for lower intelligence after an Apgar score below 7 has been reported (Odd et al., 
2008; Ehrenstein et al., 2009). The studies support the notion that the effects of minor 
asphyxic insults on cognitive performance are not distinguishable on early age, but may 
emerge epidemiologically as a higher prevalence for lower intelligence from later childhood 
(Odd et al., 2009) to early adulthood (Odd et al., 2008; Ehrenstein et al., 2009).  
 
There are drastic differences of study design, subject selection, methods and included 
diagnoses in these studies, which make the comparison and interpretation of the results very 
difficult. Additionally, different selection and number of control variables as well as a 
multitude of test instruments were used for measuring the cognitive performance. Some 
studies were large enough to enable effect size estimation: for example in the study of 
Stanton-Chapman et al. (2002), the elevated risk of the depressed Apgar score for selective 
language impairment was found with a sample size of 207 692. 
 
In the view of continuum of reproductive casualty, some of the previous studies also included 
individuals with hypoxic-ischemic encephalopathy (HIE) and compared them with 
asymptomatic asphyxic infants. The findings were constantly in line with the notion of 
severity of perinatal adversity on developmental outcomes, as the individuals with HIE scored 
lower or had a higher risk for low scores in the measures of language skills (Odd et al., 2010) 
and in composite intelligence (Odd et al., 2009). In conclusion, the published studies that 
evaluate the Apgar score as a diagnostic or prognostic measurement are scarce, many of them 
are ill-designed and use non-standard neuropsychological tools. 
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1.7 Study questions and hypotheses  
 
The present study investigates the effects of perinatal asphyxia without other symptoms in a 
longitudinal study design. For the present study, the individuals will be assumed to have 
suffered from an asphyxic insult, when they have had an Apgar score below seven at least 
twice during the measurements at 1, 5 and 15 minutes after birth. The areas of interest are the 
possible influences of a sustained low Apgar score on educational attainment and cognitive 
performance in adulthood. Cognitive performance will be split to various domains, which are 
general intelligence, speech- and verbal intelligence related linguistic performance, perceptual 
organization, attentional and executive functions and memory functions. A measure of 
maladaptive childhood living conditions that may affect the scores of neuropsychological tests 
and educational attainment, will be included in the analyses as a covariate.  
 
The study questions are: 
 
- Does a low Apgar score affect one’s likelihood to attain a university-level education? 
- Is a low Apgar score associated with lower speech production in adulthood? 
- Does a low Apgar score associate with other cognitive impairments in adulthood? 
 
The main hypotheses for this study are: 
 
Individuals with a sustained low Apgar score 
1) have lower educational attainment than controls. 
2) perform worse on tasks that stress speech production than controls. 
 
In addition, we will also examine whether individuals with a sustained low Apgar score  
1) have lower general intelligence than controls,  
2) have lower verbal intelligence than controls, 
3) have problems in perceptual organization compared with controls, 
4) have problems in attentional skills and executive functions compared with controls, 
5) have problems in memory functions compared with controls. 
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2. Methods 
2.1 Risk cohort and controls 
 
The participants were selected consecutively from all the 22359 deliveries during 1971–1974 
at the Institute of Midwifery, Helsinki. From these deliveries the infants who fulfilled one or 
several of the inclusion criteria were enrolled in the cohort. The criteria were birth weight 
below 2000 g; an Apgar score below 7 at 5 or 15 minutes after delivery; hyperbilirubinemia, 
exchange transfusion performed or at least two serum bilirubin values above 340 mmol/l; 
respiratory difficulties necessitating CPAP continuous positive airway pressure or artificial 
ventilation; neurological symptoms (e.g. apathy, rigidity, marked hyperexcitability, 
convulsions, apnoeic spells or prolonged feeding difficulties); hypoglycemia, at least two 
serum glucose values below 1.67 mmol/l in full-term and below 1.21 mmol/l in premature 
babies; newborn infants of diabetic mothers and cases with meningitis or sepsis. The total 
number of children in the risk cohort totaled 1196 individuals, 658 males and 538 females. Of 
them, 372 infants had an Apgar score below 7 at 5 or 15 minutes after delivery (Michelsson et 
al., 1978). Of the full cohort, 156 died during the first years of life and 46 were severely 
disabled (defined as e.g. mental retardation, cerebral palsy, severe neurological or sensory 
deficits) and were excluded from further follow-up. The rest of the cohort were followed-up at 
5, 9, 16 and 30 years of age. 
 
The study also included a group of controls with no exposure to similar birth risks. The 
controls were born in the same maternity hospital during the study period and attended the 
same primary schools as the risk cohort. They were confirmed from the hospital records to be 
free of major perinatal risk factors. The children were followed-up from the age of 5 (N = 58) 
or from the age of 9 (N = 111) onward, similarly to the risk cohort (Hokkanen et al., 2013). 
Figure 1 presents the selection process of the study and control groups. 
 
In 2014, the individuals in the risk cohort and the controls were contacted with a letter (N = 
1061), in which they were asked to fill out a questionnaire either online or on paper. 
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Additionally, they were asked to give consent on being contacted later regarding in-person 
assessment. The consenting individuals (N = 614, 32 declined and 415 did not respond) were 
contacted by master-level psychology students from University of Helsinki and they 
underwent a neurological examination, magnetic resonance imaging (MRI) and a 
neuropsychological testing battery. By July 2016, 428 individuals from the risk cohort and 83 
controls had participated in the study. All participants gave their written informed consent for 
the study in 2014–2016. The Ethical Review Board of the Helsinki and Uusimaa Hospital 
District (coordinating ethics committee) approved the current phase of the project in May 
2013 (147/13/03/00/13). 
2.2 Study groups 
 
The participants for the present study were collected from the aforementioned birth cohort. 
Asphyxia was defined using the recorded Apgar score at one, five and fifteen minutes after 
delivery. Asphyxia was determined by a depression of the Apgar score (below 7) in at least 
two time points. Control group consisted of individuals with an Apgar score in the normal 
range (over 6) at five and fifteen minutes after birth without any perinatal risk conditions. 
Apgar score was below seven in at least two time points in 103 individuals in the risk cohort. 
After excluding individuals with the other aforementioned risk criteria the asphyxia group 
consisted of 80 individuals. Table 3 presents the descriptives of the participants. DEPS is a 
depression screening questionnaire consisting of 10 items, which has been validated in the 
Finnish population (Salokangas, Poutanen, & Stengård, 1995). Higher points indicate greater 
depressive symptoms. 
 
Table 3. Descriptives of the asphyxia and control group.
Group descriptives 
and test statistics
Control 
group
Asphyxia 
group
χ2 F p-value
N 83 80
Male 36 43.37% 40 50.0% .72 - .40
Female 47 56.63% 40 50.0%
Age 41.48 (SD 1.31) 42.28 (SD 1.37) - 14.29 <.001
DEPS score 4.05 (SD 4.64) 4.06 (SD 4.30) - < .01 .98
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Figure 1. Illustrated selection process of the asphyxia and control group.
Enrollment in the study due to fulfillment of at least one risk criterion 
(N = 1196) 
Follow-up at 5, 9, 16 and 30 
years of life 
Exclusion due to a severe 
disability (N = 46) 
Exclusion due to death  
(N = 156) 
Participants in the present study 
(N = 428) 
An Apgar score below 7 at least 
twice in the measurements at 1, 5 
and 15 minutes after delivery  
(N = 103) 
Control group without perinatal 
risk factors (N = 169) 
Asphyxia group: participants 
without other risk criteria except 
an Apgar score below 7 at 5 or 15 
minutes after delivery (N = 80) 
Follow-up 
started at 5 years 
of age (N = 58) 
Follow-up 
started at 9 years 
of age (N = 111) 
Participants in the present study 
(N = 83) 
All deliveries during 1971–1974 at the Institute of Midwifery, Helsinki 
(N = 22359) 
An Apgar score below 7 at 5 or 15 
minutes after delivery (N = 372) 
Birth weight 2000g or less (N = 317)   
Diabetic mother, including White A 
class (N = 93) 
Septic infection, bacteriologically 
verified (N = 36) 
External ventilation (N = 161)   
Neurological symptoms (N = 195)   
Hyperbilirubinemia (N = 368) 
Hypoglycemia (N = 104) 
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2.3 Educational attainment  
  
Educational attainment was measured with the reported highest completed degree in the 
Finnish education system. The lowest is basic comprehensive school, the second secondary 
education (i.e. vocational school, other secondary level education or upper secondary school). 
Tertiary education consists of lower university degree (bachelor’s degree or a degree from a 
university of applied sciences), upper university degree (master’s degree or the upper degree 
in medicine, dentistry or veterinary medicine), licentiate and doctor degree. The educational 
attainment was analyzed in two categories. The participants who reported their highest 
educational attainment as comprehensive school, secondary level education (vocational 
school, other secondary level education or upper secondary) or university studies without 
degree were processed as the first category. The participants who reported their highest 
attainment as tertiary education were processed as the second category. It was investigated 
whether asphyxia predicted lower educational attainment, namely attaining maximally a 
secondary level education. Table 4 presents the distribution of the reported highest educational 
attainment of the asphyxia and control group. 
 
Table 4. Distribution of the self-reported educational attainment.
Statistics Frequency Percent (%) Cumulative percent
First category
    Comprehensive school 7 4.29 2.80
    Vocational school 21 12.88 17.18
    Other secondary level education 35 21.47 38.65
    Upper secondary 23 14.11 52.76
    University studies without degree 6 3.68 56.44
Second category
    University, lower degree 24 14.72 71.17
    University, upper degree 42 25.77 96.93
    Doctor 5 3.07 100.00
Total 163 100.00 100.00  
2.4 The neuropsychological examination 
 
Master-level psychology students, who had received training to the neuropsychological 
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testing, administered the neuropsychological examination. The examination consisted of a 
comprehensive neuropsychological test battery of basic visual, attentional, executive and 
linguistic functions as well as various tests of memory and intelligence. Additionally, the 
participants filled two self-report inventories of depression and executive functions and 
underwent a hearing test. In the middle of the 3-hour-long examination an approximately 15-
minute break was held.  
 
Speech performance was assessed with tasks that demand fast speech production. Speech 
performance with a reading element was measured with two reading tasks: Word List Reading 
(“Sanalista”) and Pseudoword List Reading (“Epäsanat”) from the Assessment Battery for 
Reading Disabilities in Young People and Adults (Lukemis- ja kirjoittamistaitojen 
yksilötestistö nuorille ja aikuisille) (Nevala, Kairaluoma, Ahonen, Aro, & Holopainen, 2006). 
The Word List Reading consists of a list of 30 words in increasing length that needs to be read 
as fast as possible. In the Pseudoword List Reading the participant is instructed to read a list of 
words, which are phonologically similar to meaningful words in Finnish, but do not carry any 
meaning. The participant is informed about the nature of the both tasks and asked to read the 
list of 30 words or nonwords as fast as possible. The timing starts when the participant turns 
the paper presented in front of him or her. The words increase in length and difficulty to the 
end and after the last word the administrator stops the timing and counts the amount of 
mistakes. The measured variable is the performance duration. General speech performance 
was measured with two verbal fluency tasks, semantic fluency (animals) and phonemic 
fluency (words beginning with letter K). The duration on each test was one minute. The 
measured variable was the number of correct words produced.  
 
General intelligence was measured using the FSIQ-score of the Wechsler Adult Intelligence 
Scale: Fourth Edition (WAIS-IV, Finnish version; Wechsler, 2012). Since only seven subtests 
were used, the standardized FSIQ was calculated using the mean of the available subtests 
times 10, from which the IQ was calculated using the WAIS-IV –manual. The seven subtests 
were Similarities, Vocabulary (every other item), Information, Block Design, Matrix 
Reasoning, Digit Span and Coding. Of these, the Similarities, Vocabulary and Information are 
measures of verbal intelligence, the Block Design and Matrix Reasoning are measures of 
perceptual organization. 
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Memory functions were addressed with the subtests Logical memory I and II of the Wechsler 
Memory Scale: Third Edition (WMS-III, Finnish version; Wechsler, 2008) and with two sum 
scores of the prospective memory test (PROPS–Proper Prospective Memory Test, unpublished 
test; Hokkanen, 2014). The PROPS consists of tasks of remembering to say or perform 
different actions that are instructed to do at certain times in the future. At the beginning of the 
examination the participant was instructed to repeat the word “cube” when the administrator 
says the word and to ask about a letter after 30 minutes had passed. When the question arises, 
the participant is asked to return the letter to the administrator after the break. After returning 
the letter, the participant is asked to inquire about homework at a specific time (10 minutes 
before the end of session). When the question arises, the participant is told to send a test 
message to a phone number given at the beginning of the examination when he or she arrives 
home, the content being the date of examination, his or her first name and time. The second 
homework is to send a text message after one week, the content being the date of examination, 
his or her first name, and current weather. If the participant does not remember to perform the 
required action, he or she will be prompted to do so. Scoring for each task ranges from 6 
(performed correctly at a correct time without a prompt) to 0 (not performed at all). A score is 
calculated separately for the tests inside (max 24) and outside (max 12) of the laboratory. 
 
Attentional skills and executive functions were measured with Trail Making A and B (Reitan, 
1958) and with STROOP color naming and interference tasks (Stroop, 1935). The measured 
variable was the performance duration. For a measurement of divided attention, an 
implementation of the Eriksen Flanker Task (Eriksen & Schultz, 1979), the Flanker task of 
PEBL (Mueller, 2012; Mueller & Piper, 2014) was administered, where one is presented with 
visual stimuli one at a time on the computer screen. The stimulus is either one arrow or five 
arrows next to each other, pointing to the left or right. The participant reacts by pressing the 
arrow button on the keyboard as fast as possible indicating the direction, where the single or 
middle arrow points. Sometimes the four surrounding arrows point to the same, sometimes to 
the opposite direction than the middlemost arrow. Simultaneously, the participant is instructed 
to say numbers aloud in a descending order starting from number 370. The measured variable 
was the correctly counted numbers. The test with these both tasks is called Flanker Dual. 
  22 
2.5 Adjustment for childhood living environment 
  
 
The analyses were run in two parts: group differences were analyzed for educational 
attainment and each test score independently and while controlling for maladaptive childhood 
living environment. The used covariate was a sum score of family psychosocial problems 
consisting of poor housing conditions, divorces, several relocations, alcohol abuse, 
unemployment, family conflicts, domestic violence, imprisonment and severe diseases or 
mental problems within family. The value at 9 years was used if the value at 5 years post-
delivery was missing. Consequently, the score was missing from 5 participants. To avoid 
selection bias, multiple imputations were conducted to obtain the same sample size as in the 
unadjusted models. The participant group and outcome data (neuropsychological test scores 
and educational attainment) were applied in the linear regressions for multiple imputation 
models. Test statistics from the resulting five imputed datasets were averaged for every 
analysis with the imputed covariate. 
2.6 Data analysis 
 
Asphyxia and control group were checked for outliers. In the control group, one participant 
had a very low score on immediate recall as compared with delayed recall, which suggests a 
measurement error. This value was omitted from analyses. In the asphyxia group, one 
participant had very slow performance in the Trail Making B as compared with other 
participants in the group. This was taken into account in the interpretation of the results. 
Adjustments for multiple tests were not conducted based on the strong intercorrelations 
between neurological and cognitive data. The approach would be overly conservative and thus 
inflate the Type II error rate. To obtain a better rate of homoscedasticity and normality in 
dependent variables/residuals, data transformations were conducted to all variables except the 
Coding, Number Sequences, Logical Memory II and Verbal Fluency Animals. Square root 
transformations were implemented on the FSIQ-score, Block Design, Matrice Reasoning, 
Information, Similarities, Vocabulary, all tests of memory, Flanker Dual, Fluency K-letter and 
Pseudoword List Reading. The scores of the Trail Making A & B, STROOP tasks and Word 
List Reading were transformed reciprocally: y = 1/x. 
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To analyze group differences in the neuropsychological tests, t-tests were conducted for the 
unadjusted analyses and analyses of covariance (ANCOVA) for the analyses with the 
childhood living environment -score as a covariate. For the educational attainment, logistic 
regression models were used to conduct likelihood estimation for attaining maximally a 
secondary level education. The outcome variable was a two-class categorical variable 
indicating either a tertiary level or maximally a secondary level educational attainment 
(including university studies without degree). In the first analysis, only the participants’ 
membership in the study groups was used as a predictor variable. The childhood living 
environment -score was added to the model in the second analysis.  
 
Upon completing the analyses, diagnostic check for deviancies from the test assumptions were 
administered. In spite of the data transformations, heteroscedasticity was observed in the 
Matrice Reasoning and PROPS laboratory score in the unadjusted analyses (Levene’s test, p 
<.05). Welch’s method was used in the analyses of these variables. Shapiro-Wilk -tests were 
used to determine the normality of the test scores. Non-normality (Shapiro-Wilk p <.05 in 
either study group) was observed in the Matrice Reasoning, Similarities, Vocabulary, Number 
Sequences, PROPS laboratory, PROPS in real life, Flanker Dual and Pseudoword List 
Reading. In order to avoid the Type I and II errors, Mann-Whitney U-tests were used to check 
the significance levels of the group differences. The only difference between t-test and U-test 
was observed in the Trail Making B, in which the U-test did not reveal a statistically 
significant group difference. 
 
In the adjusted analyses, heterogeneity of variances (Levene’s test, p <.05) was observed in 
the PROPS laboratory score. Non-normal residuals (Shapiro-Wilk, p <.05 in either study 
group) were observed in the Matrice Reasoning, PROPS laboratory, PROPS in real life, 
Flanker Dual and Pseudoword List Reading. Regarding the ANCOVA-specific assumptions, 
no significant group differences were observed on the childhood living environment -score 
(F(1,161) = 0.60, p > .05). Homogeneity of regression slopes was observed in all the test 
scores except in the Block Design and Vocabulary. The means and standard deviations of the 
transformed test scores are back-transformed to the original scale for reader’s convenience. 
The presented test statistics are based on the transformed data except in the Coding, Number 
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Sequences, Logical Memory II and Verbal Fluency Animals, and the estimates from the 
transformed data do not represent the back-transformed group descriptives. All analyses were 
run with IBM SPSS Statistics for Windows, version 24. 
3. Results 
 
The scores of the study groups are presented in Tables 5, 6 and 7. Figure 2 presents the 
distribution of educational attainment in the groups. Before the adjustment for the childhood 
living environment, a higher risk for attaining maximally a secondary level education was 
observed in the asphyxia group. On the verbal tasks that stress speech production, the asphyxia 
group performed worse in the Animal Verbal fluency Task and in both reading tasks. The 
groups were not distinguishable on the FSIQ-score of general intelligence. On the tasks of 
verbal intelligence, the asphyxia group performed worse in the Similarities. No differences in 
performance were observed on the tasks of perceptual organization. Asphyxia group 
performed worse than controls in the Coding.  On the tasks of attention and executive 
functions, the asphyxia group performed worse in the Trail Making B. No differences were 
observed on the tasks of memory functions.  
 
 
Figure 2. Frequencies of educational attainment in the asphyxia and control group. Error bars indicate the standard error of 
measurement (SEM).  
 
 
Table 5. Odd ratios for attaining maximally a secondary level education in the asphyxia group.
Test statistics B SE B Wald χ2 Nagelkerke R2 p-value Exp(B) 95% CI
Unadjusted 0.73* 0.32 5.24 .04 .02 2.08 (1.11–3.90)
Adjusted 0.88** 0.34 6.76 .14 .01 2.42 (1.24–4.70)
* p<.05
** p<.01
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Table 6. Unadjusted differences between the groups in the neuropsychological tests.
Control group Asphyxia group
Mean (Std. Dev.) Mean (Std. Dev.) df t partial η2 p-value
WAIS-IV
FSIQ 115.41 (18.43) 110.12 (22.95) 161 1.85 .02 .07
Block Design 11.95 (3.51) 11.14 (4.01) 161 1.53 .01 .13
Matrice Reasoning 11.51 (2.88) 10.88 (4.13) 161 1.28 .01 .20
Information 10.84 (4.03) 10.27 (4.58) 161 0.95 .01 .69
Similarities* 12.69 (3.39) 11.42 (3.76) 161 2.57 .04 .01
Vocabulary 13.25 (4.35) 12.99 (5.03) 160 0.40 <.01 .34
Coding** 11.64 (2.74) 10.41 (3.00) 161 2.73 .04 .01
Number Sequences 11.98 (3.30) 11.91 (3.56) 161 0.12 <.01 .91
Tests of Memory
Logical Memory I 16.19 (4.14) 15.39 (4.31) 160 1.37 .01 .17
Logical Memory II 13.51 (4.29) 12.56 (4.06) 161 1.44 .01 .15
PROPS laboratory 21.89 (2.55) 21.48 (3.34) 149 1.01 .01 .31
PROPS in real life 9.55 (4.10) 9.32 (4.08) 161 0.45 <.01 .65
Tests of Attention and Executive Functions
STROOP naming 63.69 (8.84) 66.23 (10.14) 161 1.62 .02 .11
STROOP interference 103.09 (15.60) 106.38 (17.42) 161 0.80 <.01 .42
Trail Making A 25.32 (5.37) 26.04 (5.77) 160 0.68 <.01 .50
Trail Making B* 52.91 (11.05) 57.47 (12.10) 159 2.00 .03 .05
Flanker Dual 63.23 (18.04) 61.83 (18.98) 161 0.52 <.01 .61
Tests of Reading and Speech Production
Verbal Fluency Animals* 28.04 (5.67) 25.95 (6.38) 161 2.21 .03 .03
Verbal Fluency K-letter 19.39 (5.54) 18.51 (6.63) 161 0.99 .01 .33
Word List Reading* 20.49 (4.40) 22.52 (5.06) 161 2.16 .03 .03
Pseudoword List Reading* 43.77 (12.14) 48.87 (15.94) 160 2.47 .04 .01
* p<.05
** p<.01
Back-transformed group descriptives 
and test statistics for transformed values
 
 
Note: Coding, Number Sequences, Logical Memory II and Verbal Fluency Animals were analyzed without transformation and are presented with the original values.
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Table 7. Adjusted differences between the groups in the neuropsychological tests.
Test statistics for transformed values df F partial η2 p-value
WAIS-IV
FSIQ* (1, 160) 4.40 .03 .04
Block Design (1, 160) 2.74 .02 .10
Matrice Reasoning (1, 160) 2.05 .01 .15
Information (1, 160) 1.48 .01 .23
Similarities** (1, 160) 7.64 .05 .01
Vocabulary (1, 159) 0.30 <.01 .58
Coding** (1, 160) 7.68 .05 .01
Number Sequences (1, 160) 0.03 <.01 .86
Tests of Memory
Logical Memory I (1, 159) 1.87 .01 .17
Logical Memory II (1, 160) 2.11 .01 .15
PROPS laboratory (1, 148) 1.11 .01 .29
PROPS in real life (1, 160) 0.21 <.01 .65
Tests of Attention and Executive Functions
STROOP naming (1, 160) 2.72 .02 .10
STROOP interference (1, 160) 0.65 <.01 .42
Trail Making A (1, 159) 0.45 <.01 .50
Trail Making B* (1, 158) 4.52 .03 .04
Flanker Dual (1, 160) 0.43 <.01 .51
Tests of Reading and Speech Production
Verbal Fluency Animals* (1, 160) 5.07 .03 .03
Verbal Fluency K-letter (1, 160) 1.20 .01 .28
Word List Reading* (1, 160) 4.98 .03 .03
Pseudoword List Reading* (1, 159) 6.62 .04 .01
* p<.05
** p<.01
 
Note: Coding, Number Sequences, Logical Memory II and Verbal Fluency Animals were analyzed without 
transformation and the test statistics are from the original values. 
 
 
After adjustment for the childhood living environment, the higher risk of the asphyxia group 
for attaining maximally a secondary level education remained statistically significant. After 
the adjustment, the group differences in the neuropsychological tests remained significant. 
Additionally, a difference in the FSIQ general intelligence score emerged, as the performance 
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was lower in the asphyxia group. This, however, was observed only in the imputed data as in 
the original data no difference emerged (p =.06).  
4. Discussion 
4.1 Overview of the results 
 
The present study investigated the long-term effects of the Apgar score defined asphyxia, 
which does not result in neurological deficit, on adulthood cognition. Based on the previous 
research, it was assumed that the low Apgar score predisposes the individual to a lower 
educational attainment and speech-related performance. 
 
Both prior and after the adjustment for the childhood living environment, a higher risk for not 
attaining a university level education was observed in asphyxiated individuals. The odd ratio 
of 2.08 in the unadjusted analysis represents a relative risk of 1.46 (1.03–2.10 95% CI) in the 
asphyxiated individuals for not obtaining a university level education as compared with the 
controls, and the effect grew stronger after the adjustment. Regarding speech production, in 
the both models the asphyxiated individuals performed worse when the task stressed fast 
reading and semantically fluent speech. The asphyxiated individuals also showed depressed 
verbal intelligence, but not a worse performance in the perceptual organization or in the 
memory functions. After the adjustment for the childhood living environment, the general 
intelligence was lower in the asphyxiated individuals. In both models the asphyxiated 
individuals performed worse in a task of processing and psychomotor speed.  
 
The finding that the asphyxic insult at birth results in lower educational attainment was in line 
with the hypothesis and the previous research. After the asphyxic insult has predisposed one to 
a lower academic performance in adolescence (Odd et al., 2008; Stuart et al., 2011), there is 
arguably a greater difficulty to obtain admission to a university. Verbal fluency was worse in 
the asphyxiated individuals, which is in line with the finding of SLI symptoms (Stanton-
Chapman et al., 2002; Diepeveen et al., 2013) and speech and language/expressive language 
problems (Krebs et al., 2001; D’Souza et al., 1981) after an asphyxic insult. The finding of 
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decreased reading speed in the asphyxiated individuals could be explained by dyslexia: 
Finnish is a language with transparent ortography (high regularity in sound-symbol 
correspondency), and reading speed has been observed to be slower in Finnish dyslexics in 
primary school in oral text, oral pseudoword text and oral word list reading as compared with 
controls without dyslexia (Eklund, Torppa, Aro, Leppänen, & Lyytinen, 2014). It is possible 
that reading deficits due to an asphyxic insult are linked to difficulties in academic 
achievement and lead to lower educational attainment, which was also observed in the present 
study.  
 
General intelligence has been measured with various instruments in the previous studies. No 
group differences between the individuals with a depressed Apgar score and the individuals 
with a normal Apgar score were observed in the total IQ score of the WPPSI-R at 4.1–6.9 
years of age (Stevens et al., 1999), in the WISC-III full-scale IQ score at 8 years of age (Odd 
et al., 2009), in the composite intelligence score of the verbal OTIS test and nonverbal 
matrices test in 17-year-old conscripts (Seidman et al., 1991) or in the Boerge Prien Test in 
19-year-old conscripts (Ehrenstein et al., 2009). However, in the study of 18-year-old Swedish 
conscripts, a depression of the total IQ in the Swedish Enlistment Battery was observed in the 
individuals with a sustained low Apgar score (Odd et al., 2008). The contradictory findings in 
late adolescence could be explained by a selection bias: the conscripted individuals may not 
fully represent the population, as the individuals with greater health or social problems may be 
exempt from the draft. In the present study, the asphyxiated individuals had a lower general 
intelligence after various adversities in the childhood living environment were taken into 
account. This confounder was yet to be incorporated in the studies, and it seems to play an 
important role in the determination of consequent cognitive problems after maladaptive birth 
conditions.  
 
The findings were not completely in line with the previous studies concerning verbal 
intelligence, especially abstract reasoning. In the previous studies the individuals with a low 
Apgar score have been similar to the individuals with an Apgar score in the normal range at 
five years of age in language vocabulary (O’Callaghan et al., 1995) and in verbal intelligence 
at 8 (Odd et al., 2009) and 18 years of age (Odd et al., 2008). The results of the present study 
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confirm the previous findings in the Vocabulary and Information, in which the asphyxiated 
individuals did not perform worse than controls. However, the asphyxiated individuals 
performed worse in the Similarities. The finding is intriguing, and similar to the study by Odd 
et al. (2009), where individuals with a low 1-minute Apgar score did not differ from the 
controls in the composite verbal intelligence of the WISC-III or in Vocabulary or Information, 
but performed worse in Similarities. Since the index subtests of the WAIS-IV show a high 
intercorrelation and all the subtests in the verbal comprehension index measure semantic 
information retrieval, the explanation for this finding is not clear. Nevertheless, a clear trend 
has been uncovered for this finding, expanding from childhood to adulthood. 
 
Perceptual functions overall were not weaker in the asphyxiated individuals. The previous 
studies have not found impairment in the perceptual functions after a low Apgar score either: 
the WPPSI-R performance scale at 4.1–6.9 years of age was not associated with a low Apgar 
score (Stevens et al., 1999), group differences between a low and normal Apgar score were not 
observed in the WISC-III performance scale at 8 years of age (Odd et al., 2009) and the spatial 
score of the Swedish Enlistment Battery was not weaker in the individuals with a sustained 
low Apgar score (Odd et al., 2008). 
 
In the tasks of attention and executive functions, the only difference between the study groups 
was observed in the Trail Making B, where the asphyxiated individuals performed slower than 
the controls. However, the result could be confounded by a residual effect from one participant 
in the asphyxia group, who had a very slow performance as compared with the other 
participants in the same group. Thus the effect of an asphyxic insult on attention and executive 
functions needs further research. Conclusively, the present study did not show a decrease in 
the attention and executive functions after an asphyxic insult.  
 
In the present study, no group differences were observed on memory functions, which has also 
been the finding in the previous study on 8–11-year-olds (Odd et al., 2010). The results do not 
indicate the symptom profile of developmental amnesia, which can be the result of a hypoxic-
ischemic event. The symptoms include weakened episodic memory (Vargha-Khadem et al., 
2003), which seems to be intact in the asphyxiated individuals as no group differences were 
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observed in the delayed recall –score of the WMS-III subtest Logical Memory II.  
 
Outside the hypotheses, the Coding task performance was significantly worse in the 
asphyxiated individuals, which was not expected nor studied separately in the previous 
research. Coding is a task that stresses processing and psychomotor speed, also requiring 
short-term visual memory and visual-motor coordination.  
 
Regarding the effect sizes of the findings, perinatal asphyxia explained 4% of the variation in 
the educational attainment measure (Nagelkerke R2 = 0.04). After the covariate inclusion, the 
explained variation increased to 14% (Nagelkerke R2 = 0.14). The finding suggests that 
although the childhood living environment conditions are of great importance in the 
determination whether one achieves a university-level education, the effect of perinatal 
asphyxia is significant. In the neuropsychological tests, the partial eta squared varied between 
0.03–0.05 in the statistically significant group differences. These effect sizes are small (Cohen, 
1988; as cited in Olejnik & Algina, 2000). In conclusion, the effects of perinatal asphyxia on 
educational attainment and cognitive performance in adulthood do not indicate clinical 
importance. However, they can have a great impact for educational outcomes and career 
choices.  
4.2 Background mechanisms regarding cognitive performance after an asphyxic 
insult 
 
Regarding possible mechanisms that underlie the findings, the notion of “continuum of 
reproductive casualty” seems to be present: brief maladaptive conditions during pregnancy 
and delivery can cause neuronal damage and affect cognition, which expands to adulthood. 
Perinatal asphyxia can lead to neonatal encephalopathy and consequently to basal ganglia and 
white matter injuries (Barnett et al., 2002). Also, an association between the low Apgar score 
without brain structure abnormalities and brain metabolite abnormalities has been shown: the 
Apgar score is directly related to N-acetylaspartate to choline (NAA-Cho) and creatine (NAA-
ChoCR) ratios, especially in the basal ganglia (Pavlakis et al., 1999). The NAA-Cho and 
NAA-ChoCR ratios in the basal ganglia are associated with cognitive performance: 
performances in fine motor speed (Trail Making A) and working memory (backward digit 
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span) correlate positively with basal ganglia NAA-Cho –ratios after a traumatic brain injury 
(TBI) (Ariza et al., 2004). These results help to understand the finding of decreased 
performance in the Coding task: it is a task that simultaneously demands working memory and 
fine visual-motor speed, both of which are associated with NAA-Cho –ratio in basal ganglia. 
Since a low NAA-Cho –ratio is associated with a low Apgar score, it is possible that even a 
brief asphyxic insult without structural deficits can lead to metabolite abnormalities in basal 
ganglia, which reflects to adulthood in terms of lower cognitive performance when a task 
demands working memory and fine visual-motor speed, both of which are characteristic for 
this brain area.  
 
Baldo, Schwartz, Wilkins, and Dronkers, (2006) have discovered with voxel-based lesion 
symptom mapping that semantic verbal fluency is associated predominantly with lesions in the 
left temporal lobe, whereas phonetic letter fluency with lesions in more anterior regions, 
including the left frontal cortex. Their findings had supported the hypothesis of category-based 
word retrieval depending more heavily on the temporal cortex, as it is associated with 
accessing lexical-semantic networks. The present study confirms the previous finding of 
distinct characteristics of these two tasks, and further suggests that the temporal cortex is 
especially sensitive to an asphyxic insult, as the semantic verbal fluency was weaker in the 
asphyxiated individuals while the phonetic fluency stayed intact. The assumption of weakened 
temporal lobe functions would help to explain the findings of worse performance in the 
asphyxiated individuals in the Word List Reading, Pseudoword List Reading and Similarities 
subtest of the WAIS-IV. FMRI-imaging has revealed that heard speech, whether consisting of 
words or nonwords, activates predominantly the left temporal lobe, albeit strongest activation 
is caused by words (Binder et al., 2000). In patients with semantic dementia that is 
characterized by a progressive loss of expressive and receptive vocabulary and lexicosemantic 
impairment, gray matter density is found to be lower in the left anterior temporal lobe as 
compared with healthy controls (Mummery et al., 2000). The results of the present study 
suggest that the temporal brain areas may be sensitive to impairment after an asphyxic insult, 
which can lead to deficits in reading, semantic verbal fluency and semantic abstract reasoning. 
The possibility of an increased risk for semantic dementia after an asphyxic insult in the 
perinatal period would be an interesting topic for further research. 
  32 
4.3 Limitations and strengths of the present study 
 
The present study has some limitations, however. The link between the Apgar score and 
perinatal asphyxia has been a matter of dispute: it has been argued that a low Apgar score may 
be related to other events as well, not just asphyxic insult. Infant’s physiological maturity is 
reflected in the Apgar score: points for infant’s muscle tone, reflex irritability and respiratory 
effort decrease with lower gestational age (Catlin et al., 1986). Low birth weight is also 
associated with low Apgar score (Hegyi et al., 1998). Oh and collegues (1996) have 
emphasized that maternal medication and other infant conditions may cause neuromuscular 
and cerebral malformations that decrease not only the respiratory effort but also the muscle 
tone; also infections may influence the infant’s muscle tone and color. Reflecting adverse 
intrauterine conditions, placental histopathology was found in 75% of the cases with an Apgar 
score below 7, possibly confounding the interpretation of a suffered asphyxic event (Wong & 
MacLennan, 2011). Due to these factors, the interpretation of the Apgar score as a determinant 
of asphyxic insult is not completely clear.  
 
In the present study, there were also some violations of statistical test assumptions. The 
normality assumption was violated in the analyses of several unadjusted test scores, which 
may cause bias to the estimates. These analyses, however, were re-run with more conservative 
and robust Mann-Whitney U-test, and the statistically significant group differences did not 
turn non-significant. The only exception was the Trail-Making B, in which the U-test did not 
reveal a statistically significant difference between the study groups. This problem was 
addressed earlier and did not affect the conclusions regarding attentional and executive 
functions. In the adjusted models, non-normality of residuals affected similarly several 
analyses. Also, heterogeneity of variances was observed in one analysis and heterogeneity of 
regression slopes in two analyses. However, as none of the non-significant group differences 
turned significant or significant group differences turned non-significant after the inclusion of 
the covariate in the analyses with violated assumptions, there is no elevated risk for Type I and 
II errors after the covariate inclusion. The Pseudoword List Reading was confronted with non-
normal residuals in the adjusted analysis, which may cause some bias to the estimate. 
Nevertheless, the p-value was observed to be safely below 0.05 (0.01), and thus the normality 
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assumption violation is not expected to affect the conclusions. However, the FSIQ-score 
should be interpreted with caution. The finding of reduced score in the asphyxiated individuals 
concerned only the estimate from the imputed datasets, as in the analysis with the original 
values the group difference was not statistically significant. This may be due to decreased 
measurement power in the analysis with the original values, as the childhood living 
environment -score was missing from five individuals. Unfortunately, the present study could 
not make a clear statement concerning the level of general intelligence after an asphyxic insult 
and this issue needs further research.  
 
One limitation in the present study concerns the educational attainment measure, as the cut-off 
point was between secondary level and tertiary education. In the present study, it was not 
possible to observe group differences in the lowest educational attainment levels. This was due 
to insufficient sample size, as only seven participants reported their highest educational 
attainment as comprehensive school.  
 
Despite these limitations, the present study had many strengths. The participants were chosen 
in a natural setting and they lived in a geographically similar environment throughout their 
childhood. The possible confounders of the Apgar score were taken into account by excluding 
the individuals born underweight (below 2000 g) from the asphyxia group, which helped to 
control for physiological prematurity. Also, the individuals with septic infection were 
excluded as well as individuals with other risk conditions. Conclusively, usage of the Apgar 
score as a determinant for asphyxic insult in the present study was justifiable. Since the same 
individuals had been followed-up, causal inferences were possible. Also, the measurements 
were conducted with a great variety of widely used and standardized tests, which has been 
done in few studies so far. 
4.4 Conclusions 
 
The present study widens the knowledge of the effects of brief asphyxic insults, which do not 
result in brain structure abnormalities. The effects of these insults extend to adulthood. At the 
population level they weaken reading speed, semantic abstract reasoning and semantic verbal 
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fluency as well as result in reduced general intelligence. Also, fine visual-motor speed and 
working memory, when demanded simultaneously, are affected. The neuropsychological 
findings may cause abnormalities in the basal ganglia and temporal cortex, both of which are 
expected to be especially sensitive to asphyxia.  
 
The present study is the first one extending the focus of asphyxia to middle-age adulthood. 
The consequences of adverse events during pregnancy and childbirth are far-extending, and 
can occur after minor insults that do not result in neurological symptoms as slight decreases in 
cognitive performance. The present findings suggest the need for follow-up of individuals who 
have suffered from perinatal asphyxia. Also, awareness of their increased risk for reduced 
linguistic performance in terms of reading, semantic abstract reasoning and semantic verbal 
expression is suggested. Tasks that demand working memory and fine visual-motor speed 
simultaneously need stronger monitoring. Environmental support for the asphyxiated 
individuals in cognitively challenging environments, such as at the onset of studies, is 
suggested. This would help them reach a level of academic achievement similar to individuals 
with more optimal perinatal period.  
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